ABSTRACT
INTRODUCTION
Disk closed cycle MHD (CCMHD) power generation directly converts the thermal and kinetic energy into the electrical energy by flowing a electrical conduction working fluid in the radial direction into a disk channel which is applied by a magnetic field. Recently, CCMHD generator has revealed experimentally a high enthalpy extraction ratio by using a disk-shaped channel. There are two methods to improve the enthalpy extraction. They are the increase of channel cross-sectional area ratio and the implementation of inlet swirl.
The improvement of enthalpy extraction ratio due to the increase of generator channel cross-sectional area ratio is revealed
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experimentally by using a blowdown equipment and shock tube [1] . It is known that the increase of channel cross-sectional area ratio opposes the velocity deceleration due to strong Lorentz force, and leads to a high flow velocity inside the generator channel. At this time, it puts a low static pressure inside the generator channel and may achieve a high Hall parameter. The improvement of enthalpy extraction is indicated by the quasi one-dimensional calculations [2] .
The improvement of enthalpy extraction ratio by the implementation of inlet swirl (swirl flow) is described by experiments using the shock tube, and this has achieved a high enthalpy extraction of over 30% [3] . The low static pressure inside the channel is preserved due to the inlet swirl, and the maintain of a high Hall parameter is similarly indicated by the quasione-dimensional calculations [4] .
The quasi one-dimensional calculation time is short, and this calculation has been used to describe the qualitative trend of the experimental results because it is possible to change many parameters. However in the quasi onedimensional calculation, the boundary layer displacement thickness must be assumed, therefore in recent years, a boundary layer twodimensional calculation has been proposed, but the suitability should be studied because it is clearly that the boundary layer thickness is significantly different with different operational condition [5, 6, 7] . In this study, the mechanism of enthalpy extraction improvement which considers the inlet swirl and the increase of the channel cross-sectional area ratio has been confirmed by the two-dimensional numerical calculation. In addition, this study not only examines the behavior of a boundary layer with different inlet swirl and channel shape but also shows the characteristics of the flow field that has received a strong Lorentz force.
MHD PLASMA AND BASIC EQUATIONS
In this study, the non-equilibrium plasma using a two-temperature model is described [8] . The following assumptions have been proposed for the plasma of CCMHD generator.
(1) Ignore the displacement current.
(2) Electrical neutral is maintained. 
Governing equations
The governing equations of the flow field are written in the forms of very famous compressibility Navier-Stokes equations, and the MHD effect is applied to the energy and momentum equation. The state equations are also used appropriately. 
Here, V is viscosity term, and H in energy equation shows the dissipation due to the heat conduction and viscosity.
Plasma equations
Equations describing the plasma consist of ionization equations, generalized Ohm's law equations, and energy equations.
The energy equations ignore the time and spatial gradient, and they are expressed as the algebraic equations by assuming the relaxation time of the electron temperature is much shorter than the relaxation time of the electron number density.
Here, β is the Hall parameter, σ is the electrical conductivity,  i n the ion number density,  i n  is the ion number density that is generated per unit time, νj is the collision frequency between electron and j-particle, εi is the i-particle ionization potential. Maxwell's equations are put together the following two equations by MHD approximation.
Boundary conditions and analysis method
The area for numerical analysis is from the throat to the downstream end of the cathode. Table 1 . Outlet boundary is a free outflow condition. Applied magnetic field uses a magnetic field distribution that has been used in Fuji-1 MHD disk generator The enthalpy extraction ratio increases with the increasing of the cross-sectional area ratio.
When comparing the enthalpy extraction of the channel (a) and channel (b), the enthalpy extraction at 0.5Ω load resistance increases, however, it remains to increase about 1% at the load resistance which is bigger or smaller than this value and when the cross-sectional area ratio is bigger, the decreasing of the enthalpy extraction which is out of the optimum load resistance is remarkable. Next, the development state of boundary layer in each channel is shown in Fig. 4 . In channel (a) particularly, the development of boundary layer is great, and the boundary layer in the channel outlet vicinity almost spreads throughout the channel and it will extend to the nozzle when the load resistance is high. As the 
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boundary layer extends greatly to the nozzle, the flow velocity and the Hall parameter in the channel inlet is lower comparing to the case of low load resistance. In contrast, the extent of the boundary layer in the nozzle is small even when the load resistance is high in the channel (c). With the enlargement of the channel crosssectional area, the boundary layer thickness increases that thickness, and the increasing of that thickness is remarkable at a high load resistance. The power output in channel (a), (b) increases significantly in the low load resistance case in which the extent of boundary layer is slight as shown in Fig. 2 comparing to the channel (c). However, when the load resistance is high, the increasing of power output is small but the boundary layer develops greatly and the decrease of the influence which increases the cross-sectional area ratio can be explained. 
Influence of inlet swirl
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Swirl S is defined as the ratio of the radial flow velocity to the circumferential flow velocity (momentum). The swirl calculations were carried out with S=0, 0.5, 1.0 in the throat. Since the Mach number at the throat is fixed at 1.0, the radial flow velocity is small due to the swirl, and the heat input expressing by ρurcpTA (A is throat cross-sectional area) decreases. The calculation used the channel (b) and the stagnation pressure was set to 0.45MPa. Table 2 shows the achieved enthalpy extraction. As the swirl is provided, the heat input declines and then the power output reduces, however, the enthalpy extraction rises. 
CONCLUSIONS
Based on the increase of enthalpy extraction in the disk CCMHD generator, which was shown due to the increase of channel crosssectional area ratio and the implementation of inlet swirl, the enthalpy extraction improvement mechanism was verified using a twodimensional numerical calculation including the boundary layer. As a result, the following is concluded.
(1)
By increasing the channel cross-sectional area ratio of the disk MHD generator, the increase of static pressure and the velocity deceleration can be suppressed due to the Lorentz force, and it is possible to maintain a high flow velocity inside the channel and a high Hall parameter. Therefore, both the electromotive force and enthalpy extraction increases. Moreover, the increasing of channel cross-sectional area ratio is not effeted at a high load resistance which acts a large Lorentz force on the fluid because of the large development of boundary layer.
(2) By implementing an inlet swirl, it is possible to maintain a low static pressure inside the channel and the enthalpy extraction ratio rises due to the increase of Hall parameter. If there is a swirl in the flow, the cross-sectional area which is obtained from the flow direction cross-sectional area and the generator channel height is different. As a result, the channel cross-sectional area ratio increases due to the swirl implementation, the static pressure is kept low, and the channel inlet flow velocity increases. This also leads to the increase of enthalpy extraction ratio. The structure of the flow field with the circumferential velocity component which is generated by the Lorentz force and the state of boundary layer inside the channel is also shown. 
